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(54) FORMATION OF SILICON CARBIDE FILM 

(57)Abstract: 

PURPOSE: To form the silicon carbide films having 
excellent uniformity and flatness by alternately 
repeating operations to adsorb a silicon compd. 
generated by thermal cracking of a gaseous silicon 
source on base materials and to carbonate this silicon 
compd. by a gaseous carbon source to form silicon 
carbide under a reduced pressure. 

CONSTITUTION: Plural sheets of silicon wafers S are 
perpendicularly erected on a substrate holding boat 2 
in a reaction tube 1 and a prescribed vacuum degree 
of the state that gaseous hydrogen exists is 
maintained in this reaction tube 1. The temp, is 
increased to about 900 to 1 100° C. Gaseous 
dichlorsilane (SiH2CI2) is then introduced for about 10 
seconds into the reaction tube 1 via a three-way 
valve 5c and the silicon carbide is adsorbed on the 
prescribed growth surfaces on the respective silicon 
wafers S by thermal cracking. Next, the prescribed 
vacuum degree is maintained in the reaction tube 1 

and the temp, is increased to about 900 to 1 100° C. Gaseous acetylene (C2H2) and gaseous 
hydrogen are simultaneously introduced for about 5 seconds via three-way valves 5a, 5b into 
the reaction tube 1 to carbonate the adsorbed silicon compd. and to form the silica carbide. 
The films are formed by alternately repeating the operations described above ' 1 times. 
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V f ft: ^ fill ad^iC^/f^ 7 ;c .i: 0 f ^ft: L "Ci^^ift: f 

'<^^/rm-r>b t:<^hiz. z^io^^^fmiz n 'AiC tzW. 1 

0 ^X i: /cm 2 ^ v-r m<t: ft!r^5<^mjldf^^il^y7 X n f.i^ 
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1 Mit fT4*I ^ fill .tdr^ ^ig ^* X { I ^ 0 /.^ft: L T r^fb V f ^ 

[l^*Ji4] ^f. 2a> m 1 cOXST&l^i^lSJdt^ 

L ;t ^ 1 t/) V i- j^Hb ^ ^ ij :A1^m%\^'Xn%i:M 
Z tl ^ n il /c L 2 i7) V f b^^i^*^ ^ ^: C :^ -5 X 
^ci:. ::£7)X^^T!kL:^Ha^B^2c7)y^^ft:€riri5^rv^ 

^:>7^^. m^m2\z-^d«L(r>f^i\z'r'^mm^m^}3^t. 

xtiO - ;^ (T^^Sc^. y 1 -4 <7j^|^^-e^l-T^tl 
X;L. x + y-4T^^o ) XfL^n^i37.^y>U<li 

6 ] m^m 1 -li^Ji vy(D\.^'rt\f)^\Zhi}M.cf^ 

J: 0 ^"f ^ nf- r^fb ^ ^^7!?^ 6 /cC -6 X IS jt(^i<| 
[^i14cJl 7 ] ^^^tcr^ 6 tla'dfti^X^V ^ -7-7 'J (J) 



it^-S^Xf^vy^. 
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[ 0 0 0 2 ] 

[f^.+HOf^i-fj] /vvfbv r ^--liix^^'Etsf^^tif^v-tr^^f^g^-^t 
7^;4^.. \^-x ''^{:t^iw":>noX?5?j^ii^iStA)Wn> L. 

-ii : - 7? u) }^ u ^ -\ \% x L T 0 ' ;^ 'i^^> f^^j ^ X u ^ o 

^A^m^z^Kit'r '( mm^w^\^ ^^i^Lxtx ^>x^ 
X X - (MB ) <i: ft! h\ ^ ( c: V D ) r£ 

:oo():n ^^<(x MBH?i;J=. 5viii(;vDritU:f3 
^ll^jffe :r X<>!fV)^c7)j,^§s.' ^fr 'J ^ f: (X X 0 ri^f^X 
filcK 5 4Wr ^- c^) ti^ ti:-^-!^d i^jtl ^ ^jpT -5 ^ ^ 

^ (/) f ^ m%S^'^ELV6'^. en i-f ^t'k :^ £ .: X 0 . fi^m pf 

:il J^l^i^mc.. Si^'-4?cr;4rf^j7/ifE'?iX^^^^n(i, ^ 

^ A- ^ ^ ^ c i X ^ /cf ; 5^ f 1^ J t] n ^ ' t L ^ , X 0 ® 
X ; bic -L'^ i: ^ X ^ o 

[0 0 0 4 ] :itU3crjPgii]7:,w-,^ r'^fLX-r^l^/^^t/^cO 
m'\-^'X tL TU. iS'M\ ffifU Im:^U ^T^^^LT^^ 

rc^-r -5 -7. /ji'^.^ ^ t:) X I ^ '".> 1 1 5 n ±1 ;:)^^ < , {^j 
X X L X ti >* ^ D 7L > X ^ X* X /;if^ m ^nxi^^. 

Zti^Ojm[:^'Xit. f?'JXti>!ff^X2 - 2 6 2 3 2 4 ^ 

i:mizm^\^tix'.^^^viz, i^tAzUumizf:^^^'^. (t^ 
nm-) izmK'<^tixi^rz. 

[0 0 0 5 ] tZ^y)\ Z.^.koUf'^lomz'MtSJ^.n^' 

X ^ [pIPIf 1 1 ^^ ( z A T ^ X , U ^L.^'-^: ^p\z^i^ 
X^olli^WizgX t x^^^TtjJfei:! *X fri^^Lxx^^, ^i'^.fe 

'M. ^^^L^'*a^T^il^n^J X^^ArJ/;^^|Jrxi[itC;!;HtTt;^ 
I^; 1^ 4 CO ^ { X A; ^ /j: 5: f b X L' . ^ W i I ;B 1 1 

titi^. ^^iz. 7^,H\'Vx±h^^tirz.rKityiM\:l. R 
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l^l^l fj^X^^^T-t-f-l > X ^ >^ > ■// X <L 

- 1 3 8 0 m^MfmJ o rc;5:^?i^Tti. ^tc;'l^:'<itf3^p 

ya '^-7 > -fi X o-j'r^m 1 ^^^^d-^^t: i: 0 1^ L: 

[0 0 0 7 ] 

izmi^^f^Kit'r immz-z:>i^x{t. mm^^ 

j:um^'^m^^^^^wiz\^].t L tzmity-( mm^m^ l 
f)^x^^mt'rimm(Dm^y5m'km{^.'^^z.Liz^ 

i^xn^^m^myLtzxm'^-^^^'yy x^3j:o^xi$v 

[0 0 0 8 ] 

mm^mtk-t^tzi^crj^m ±.mm]^)^^^-^^^A^% 
.tixii^ffli^x. s \w^ f^tz\^cw.'f'^ii^'^^^m^ 

- h t ' ft-^^jC I : ct 0 ^ -1- ^ ^ g ^ i± -5 :: <h TpTr'^ 
mm<r)mi\z'r^mm^mh'^~t^^\z^jtz^:i. /t^mfiy^tim 

^ <h , (D^.'j^mr^^ U i U tz f ^fbf^^^ ^ fl'J 

^iim».E<j)ff\'j^(D^B:m\zmm^^t^w.i(^zLnt. zl 
(Dm 1 <j)T.^xmMfiimmizmmL Tzm^'r ^ miti^'^ 
^m-6d,}^mm:tj ■Aizj::^ ^-^itLxf^it^-i m^±bt^ it 

[0 0 0 9 ] ^Ac. .hldR&^^^J&tt-^>^%E|^C7Dr:^ftV 



-^y- rc;i ; =^ 0 .r<- ft: v f ^ ^ ^ it 5 ^ Tp/t'/I'^^ fv-o 

^>iz. z^^-^'^Mmiz<to -v.isrzm i <fjy < ^^itt^v^^tVi 

(L^^^ -r.il 7t L .-til r^iZJ: 0 *i: U" fzm 2 if) V f 

^- {\:\^^^m^ilf^^mfJ -^WZ^^WkitL^xmt^ ^ 
1 i7t ^. 2 (J-jlMh^-. m i£ f ^ ^ ]^]D#*^ L 'Z> "J 
YX^'Z\fl\z 1 mxhWk'') z ^ ho^jx ^ 

[GO 1 0] -^r. _hpdliE^^j^f;^^^4'::^H^^:'X^V 

' X V X X f i ^ h jii L ^£ k') X V X X -7' f/ > X 
J^rl\'^<7^m\\ZXm^m9j l'^-l ?:u"5ttT/c£^ r i ^^^^ 

[0 0 1 1] iXF. >^,'?etOj^,i^^;:,if5n^jT'So * 
V>r^:7f^:f;xi:;^i^i(^^VXh^mi.^T. S i /^T^^ 

[0 0 12] ^ZIT. V f ^^|^;^X-7 t/jN^^j^ LxH. 

CH^ , C, H, , C , \ \^, C. , H. m<Di3 
X//*:tfbtl^o Vl'4?iijr/fjX^Dci:r.Kr^^i®,tf Xti, ^ 

[0 0 1 3] ^tz. s \\^:^\f-^rz\tc\0.=f-^i^^'^^m 
Ho-^mm^iLxa. I ')z^z\m^^^ll^^^ rRit^r^m 

x^m^rS 0 0-1 3 0 or:(:i]nM'^^::^rJE;btT-5 

Z ^f)^X'^Z^o 

[00 14] ^X'^Q^cT^;:^?!: I X^f^, -'K^-^^XT^J^e 
K^t:??^: L ;^£l^4^^TTntj;^.LiV-r^;f^tf X^.^^.i'^-r 
>^ > ^ ^ ti. ' co^sm^z^ » ) ctz y iMit^^^m 

^i^himi'-j'-jWh fXlr-^. zzx. '^^Mt37f)<'M 
'/flt.fjm^iilO , 0 ImTo r r I'kTX^^ Z t^m^ 
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[0 0 15] ttl^l arr_mt. St£;^^^i WiFZt^W 

Mr^ft(:i9 0 0 - 1 I 0 or/j^'J^^^ LC r :h >^ ct;: 

mtnm%i,t. J^^JtS-:^:-^ l mr o r r ^?^^TM/i: L /i 
{ ic.^ ^ f^^i 1 1 ^ r if^ tf X ^ ^ i/:' ^ /± 7^ ' f^J t ( ^' 1 

^^m%<h'^'^Zt7'j^t}f^L'.K ^ -f ^ /f^ tf ^' >^ f±. f) ' 
ImTo r r :^<r^-c {J:. '^mY r ^m^' XiTj^/r^miZ ^ 

mmizf^^^ r.mTc> r r ^^^^ch^i£il:[l^'±r 

S i H., C 1, ^,q^l^/iii^-f^-. CcT^S iH, C \ -.m-l 

WEtiis i H. c 1 (Dm\mf]^^WH\Lrzmxsb 
'kCTz'Timit^^] izit. y^m^^y.^-^s i ]i 

-y^jT.^-. M^mojS i C 1 y t.'a^^^o 

[0 0 L6] z(rjmi(Dxm±. -trnmEnrn'^^mii 

W ^ L u o :i (/:) ^ to ^ n ^' fe' ^ i - h /j: fx t ^ fT ^ :) 

c7)xgi^ii:^{z 1 im-r-^rfoc^iz^ o^fty^ ^-^^ 

itLrzm^izi,tz<Dmi\:^nrzm) ^m^l-. 'm^mi 
(Dm 1 (D Lfiiz^.Lntm 1 fiiFJcotg2 cr>j:ni^^^Ac:i 

g (Tj^ 2 (7) xf? ^^7^- :i i J: 0 L T'^j^ft: y 
[0017] ^^m(D b^^^ I Tti. -ty^i fzm 1 c/) r:?',^ 

m 1 tT^X^^^^R^t' LTS«ig^^^^i&^tI-^^C,h 
Tiirf i^-ti-^o ZiJjt^iDm^^m'h9 0 0-1 10 0 

[0 0 18] CcOi:^c7:)^*^^C0#S^tiXi$L A-ct-^ 



X^-^a^4trt7:?^'{^J^ti' 1 mT o r r R h i ^ ci: 

W^m-^'y^^J^rJhti^ 1 mTo r r ^rST(i. f-'^mMfJXiZ 

r:V a ; ';tlia>\-Mit ( I tf ^ tl (7^ T f ^ u 

/v*. 't'EflE^^Jilti 1 SOmTu r r U F t o ^ ^ ^ 

^ A m ^ e ^ L fift T c 

[0 0 19] ^g2tz:):i:f3iti, Xjin L7^^?i^;±:^ratv f^2 

\V,Wl. r:>n'i:xttr^^J^-':)izrro Ztfj^H^Li^o z 
[0 0 2 0] fj^tl'Cl^. m^Lrzmi(rJX^t±'i^L 

riyi\2irj_L^t^m:'Kiz 1 b^^r^u^^ ztizxn . 

?f:fit^n-Si^ft:y Y ^i^ii^^-rr#i^^T. gf^ch-r-5 
/Kfty-f t^ii|f^f:{^. 1 t;5Xff <h^2 

cttj j: i ^ 5^ pJr ^ 0 0 i§ To It 0 L 
f> • J r o r V 1 1 V < ^ K 5^ ,n^^ ( c t L T jg iM 5^ ^ n -5 

[0 0 2 1 ] wV^Lfzm 1 (rj\Lm6^nm2<Diz 
rii^. 1 -::)t7)Fxit^'^^mi^T^j.^.U';:;^:'nctfx<^^A.-r 

ex.. ^^3^t7)^x^^'#_^ffll.TaHc7:>^i^^Ict OSSStcfr 
[0 0 2 2 ] :'K\z, ^"^mo-y^jmwz-^i^izMm-^^. 

ZJOj^hXm. \r.y^Ltzy5\h \ hnmz. VY^i^tfX 
t. Ik ^^i^. -^J X >: ^ Mj L ^ T . Si "f ^ /i C 1^:^ W 

c7^ ^J7iIIT'^f^^-r6 V4'^ij^;:^*x. mmwk-fjx^xnm 
[0 0 2 3] ^tz. tjttwxa. m^^^jtti t.w\mz. 

^r^lf^tl X L^tAZ. Z(Df^/Am\ZX 0 ± U 

tzm 1 CT^ Vf -^lt:^t^^RfilL!S^M:or)Fi/?Vt'(7)0£gigitzrt5 

rr-^c c^jg^ 1 cox^^ti. Rtn£L7'c>;i£i t:;fctt5mi 
c^XP^i::£^<f^l^tlLTff^n'St;C7^TJ50. :^^^\\X 

[0 0 2 4 ] I -ho^'^SAoOiiiw^. ^rfill 

Tii. 1 oOX^^it^ j'f$i;fT^n^;B2c7)X^T, mj^e 



m 1 (nxmr-f^mwiiz^ikmLrz'm i ^)'r-fmit^^^m 
^j^t I ii:^3tt^^.2^.) i:niirn]^^(i. ^+f^9 o o 1 

[0 0 2 5] Zc^J^2 ^OX^ t)f-cfr^'^f*^lTfrt5tl 

[0 0 2 6] I -z'^xn^Tf ro>%^^rti{i. ^;2 

^ii '':) ^.crjmm ui^^ t i/k;;^ tj x .± /x^iii^ tf x ^ ^ 

ri:^t\xm2(7:)'r i j^i[:^Vof.zUD. -^:>^r2 
i/^'T-f ^it{^V7}7^^r^MM:tj XlZ^-DXy-Kit^^nxRit^ 

{19 0 0-1 10 or hT^ r i7!)^'^?f'^ LlK 
[0 0 2 7 ] nit^'^.^ 1 rnT.:. r 

r ^xWtLrzWz'^ ^'^S fc;"-'#if t : ti X ^5 zj: 
i-K^M fJ-A^mniZ^ tz T fnl £ A ^ >r i: ( IJ: 0 
fl/'::#gSaT^':>X-. {^iJ.^ti'7K^- "^^i XCO^/^O:?:?^ OmT 
o r rU.X. /.je;^il?^:^'X(7:i^/±//i 1 mT o r r i^A ht/J^ 

m%t~r^:z.^m^^L^K 7^mi5y.a^'j^\±.f)n omx 
Mmx^xmiLW, 2 J) y f ^{t^^t^^/.v^fb i:;:/^!^ 

tlti^tl 1 5 OmTo r r iXr t-^^ ZZ Jzy^'^ttf^Li K 

•/^^^hnniLtzmx^^o 

[0 0 2 8] 7^M-^\'Ahi^mm:^' y^<t^M^i^itrz.Ud 

2(D'r-rmiti^^o~)f^Kitf^'^^+^yizu^)^< . p7f^.c/j/*4 
[0 0 2 9] - Jj. mdm2(Dm^2'ja-yi:mzmif 
^PX^hl^<.7^mf1^iZJiDmn:LXm2(Dy-(:Mit{^!^'^ 

2Ax±Lfzm^^m2ojyimit'^¥^^j^mm'^:^^iz^ 

iJj'Ki\:LXr:Kit^-(M^±bt^it^-L^ T.ri2 

SWfg^^t,. m}^LrzJ:oiZ 9 0 0—110 OXlt-t^ 

[0 0 3 0] rf?2 A^rf ^P^CO hgdTK^^^VX^Sa 
^t. fx^^-^.^ ImT a r r Mm^XU.r±LrzmiZ'^m^ 



L: ^ .^cC ^ -5 ;i # \T ^> r ^ 6 n 5 1^^^ -^^ xi^l^^^^a 

r ^^^TI^ruJl!^. I a)ri ^'it i'tt^ 7L-^ ^ ^ ^ m^'l 
ii!:"j:^o ^:^^/XJ:)'Vjrii:^- f;fti;-i.rr;it:ir/i£ ^ <C) 
-Cf-^.-^cCC 'i^H}rf'j;z;i 1 SOmX^.r ri:i.F^"'T 51 
^ L ZZiD.^^'.-.Z L 'Ct'f^ 'f-^^ ^ X^lS^l h m 

[0 0 3 1 ] ^/i. 2 B/rf f ^'P?;^t7-^^g^<<ui:, mud 

wn 2 A xmm l rz ij x^i»^ '^^m'^ i x i m x < . 

r r i-f^ri^^-r^l^fEL /lft^^i^i^^^{l4;::. ^/iit, F|l)nd i: 
W. 2 Axmm LA-^:^^-^*X^Li^'<U0 ^^L^J5^tL:^C[^^]fI, 
;)^^llf^-^*X '^^^)^7>f£/?^f*iJ tti' 1 mX r rUJi^h/j:^. 

Li\ /•K-^dg';.tf XC7:'4]^JE;)M inX . - r r m^d 
m2iJ)^^mit€r^^iKit:^''±i> - i:/j4:^J^i:/1;^o ;k 

1 5 OmX o r r llX ftTh Z Zif)^tiT-^ L I Z.cO^ 

0 iz Lxnfznm%^m^dm2</^) VX Mit^p}t(r)mM 

/jit^c /j:^, f-KJ^m^''<^ tud'rfJtA^, ^^itv^C^^<7"j;^' X 

[0 0 3 2 ] Jj^miXh. ml!^Lrzm\ (^J JZmt tML 
fim2co i:mct^m:k\z ll^2-r-jV7^C<hizJ:n. 

hJ:^Ff\-^ij)btik\^'.zrMity i mm^^ 

X. i^mjz-r^f-'^it^^ Mmomm/jwi ^mi^izit. m 

1 t7XE^l^^.2i^x^,h'^''^7L(;p"rr^^[^ij)gcliOiM-ro it 
tJ LXBtSctl n f^J i ^ ^ ; ^^ft: V ^ : C Tig 

ffi;/;t-r^i^f^{l, x/?i^ 1 ^fnj|;^{:. if!i^6 0 oisii^X-tm 

[0 0 3 3 ] >J?^in::?^l >Tt., mjii^LX^35 1 00 

'<^Li,Z':^X^^\-^ZZ. t:iZ^<i^^\}mcr>\^n^:^iZj:. 

n^/Li:?foTt>ct:L ^L, m^<T)riCo'^^^mi^xm^Wj 
nmzJ:n-^^iizif-:>Xh^iK -^LT. 1 oc;:)Sic^^^. 

['.VKDmriZ^.LX. FPj rrrcf^ffl L /-z15^fflM^-h^7Nc 
m<^^^. ^^Str, ^.2 c7^X.^*f^^mji£t7:)cfco{IX^'^ 2 A 
.hx^i2 Bco2':^t;i/(fTi'fO>^fr{i-::)t.^Tt;, i -Daj 
f-^^^^^mi^xnm^^o:>^]nf^7iizXij :L'^ 2 Actxfs 

2 B^llg;>:froT^.^uL. n^l&(/j^t6'-4<^ffli^Ttt+l 
(7jf^i^jtIJ;0X^f 2 A>: 1:^12 B ^«g:X?r o T ^ J: I 
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[0 0 3 4] i:A±t^mLrz^mf]a:):b^m i ^3J:r>^i?£ii 
o^i^rtit^. mn<^^-'rk. m(j:>¥mi±. mmm\<]^i^ 

z>^:^^i,\\\zjiD}\:bt^nrzfkity rmmit. ^ m - 

[Of) 3 5] :kiz. ^lgH^]c7jX^vx^-y--->>^^iotl^' 
-y-'^ :^ yiz-oi^rmm-r^t. zcox x ~y > ^ 

f L V f ^ ^ t:?^ ^ X ^ ii^gl ^ , :i c/J X ^ !r 
A >:> IE 1J( ^ ^J/ < ^ t> (i T -S) ^ i: ^ ^ 5 

2 =^c7)T (1/^ < . X Z y-y^yy iDm^ ch L T 

^m^. u^ity-(mm) a'^(rj^^<Dm^yjf^.ty^'fizm 

[0 0 3 6 ] Uii. ^%B^00X^-7X^y-O^tiX ./ 

-f- : y [^.^j ih m^umm ^ f r l r i t> ct i x ? 
yf)^^o:>xm'V7.'y(Dm^^iit. ii^, x^vz;/ 
y^mhzr^xm^Mm.tJzx.-j^y t/\zji D x 

yj^. w]i^^mmit:icojzy^:. ^(Dmzx^m^m^x 

< . :ziD^'jT^mi^^zi^M^Dmm^nxi^^{L^^m^ 
n<fjm. m^imitni ^ :z,Ojum^mm-9^:z.tD'^x 
^e. ^tz. '^(Dmm.yji^^i^izm^^ti^tjci^ix^tu 

< . ^<l'MJ:0^\m^tix^^^'i^^<D-^i^^^(rj^^mm 
'^-^Z^^^X-;^^. fzfzL. mitT)V^i:-0/^mf)^'Z.U 

^^i^mm^zirA<7-j^our^m.'^.f)'^$^^. -rutD^. xm 
-x^yizi^MLrztf^nit-^izm^^m^mi^rzrkr^iz 

ti :i i^.i^r^comzmm LxL^^ fzs^. xm^^um^ ^ 

tLxfkityji^^-OL.tmitmt.^^^T^m^m^^ 
^^z,h{zj:nmmr^z^-/)^x^^. ltz^^-^x. xm 
j&mmizjz^'f':. y'j;i^\tm<D^mm^m^f^m^iz\t. 

[l(i^}t^^X1^'7-7.y~f^>y(Dmmzt^J:^:^\ ^it 

y)i ^i:~OjU<tmtm^^'^mr^m^ummtLxm 
[0 0 3 8 ] i^mm<hLxmity)i^::-oi.tmt^^ 



6 0-- 1 0 ^ fi%x ^ z hTb'tjf ^ L mit^(r)'^ii 
ttr:?'6 o^a%^e^Tft?ft:Tu ^ - '^'/.c7)g^j_M7:?M 

0 n %':^r,^iZfs^ Xm^J^Um^"^ '^-l' ^?f'-bt^T^ 

rztj<rj3z-j^i^ y&^ic^'T^ti' S -^u'^f^ii^v^jX'v-^;.^ 

0 't^l%^}^^xmtn(J-^Xi'i\\\f)'^ 1 o-t /: 9n:|a,J^i{:.^i 
^^■t , XW^ '^y<Dt^^\,zmm^t\^^f^^.^.-;^;mzl\'^^^ 

[0 0 3 9 ] f^itrn ^ - ^v^,i?gft:^,h ^^^^?^-r<j{5^ 
p^,^(l. R F A V ij ; y^ri. v '/ y h a : 7./ n >;/ 9 

^^^r^t:)it7:?^:i^M/<£X^$"7X y ^t'io n ^-c^iS^fiii.^jixISJv 

[0 0 4 0 ] /d:;?^, ^^"^]t/)X$^\-7 v-/^^::, A7ii. x 

i^S^± t : ifil^ ^ tif^ pmn^l ^ fr L T X ^ ® iR^ 
ttnTi»^=tjco^=t)S^-^^. x^a5i:if^|^c/jt^M(i^#tc 
PK/^^n^=f.c7)Tt;i/^< > 't7:jJ:-9/j:mi^{lt^^J: Off] 

x^-^. ^fz. ^(rimm,ijti^tA^izm'ri[^n^hcoxi,t 
Mi-^^ztyj^^x^^. 

[0 0 4 1 ] iiAimmtz4^^m<r)xmx:x^yy=7:. ^ 
zti^mbzr ^ xmi^m^.f)'^miiiL fz^f^mco 

1 ^fzn ^mw^z J: om^^tifzhMity xmrny^^^r^D. 
za)xm^}^m (mit'T'iMm) ix^ini^^j^}^^, xm 
mz m ^^i-t^^v:}.tr)m ct zf^ . fc^/ ^<9-y 

xi^v X y y -7 > :ViiS£ 4Hn:/jriuzet ^ fl;rj^^nA-/rkfb 

[0 0 4 2 ] :^{:. vt.%H;]c7)Xl^vx t7{c^i^Tp5^f|f]-r 
^ . CO X ^ V X ^ tiN'udi L tz ^t^^mia; x^ v x :7 y 
v>::7(7;f^^'(7j[fiaiix^jjj^i{'^l^'^ ^m^xr^^z 

.h^i^>SS:i:T^t></)T<fe<.o Cc/iX^v X.^ti. X^ig 

X^j^jj^^ htZHUjd^L /-X y-?^>^/[^^jil:ffic7>fi^li^ 
^^tt. Ct7-;^3|^^igit:x^R^iK^/\^->^^tt7^- 

^^(o-r t^cti^o ^vm.^:>^z^xi^^^mys9—i^o:^^^n 

'^\z%%\zW^^i\^^<r)X\Xt^< . igTijgtP.^n^o ^ 
X«RS:itXi|7^5'->c7)jfM^^5i:t>^-rcOft;Jbt ^j^t^t^ 



^ ^ ;B 6< ft 3 :^ ? t ^ ^ ^ ^ ji ^3 T 6 > ;^ ' T ^ S , 

[0 0 4 3 ] ^i^ftmj^xm-^^^ yn, zti^-mbt-^-^x 

{ 0 0 4 4] 

V V p n > -7 > /J J: 0 '1: L f ^{bt'r^ 

0 s i i s i — , s i 

^^LTS i C 1., 15:] 4 (a) ^E^io ) i/^ 

^^t^ i--t/">pfT>^cDfjtillM4 0 C^lf L /if^^. /K^ tJ XilJ: 
i C 1 . . c7:)il ^^:^^rc^/v'e.l 0 . c: 1 f)m\\^\\c 1 

(^7'j^;^i^Tft^^tT^rc^f^. s i tZ)^Mi]//^/»j^rj^[i^itrr 

-5 (l'<|4 (b) #fiS) , -J^tz^. ^^dU^S i C I, 

mf)'^h%!^^^ (^4 (c) #BS) , ^LT, )i^fiJ/j:Vr 

oTS i C 1 2 T^J^r-j^ft^n. rc^U^ftfC^M/'A^ft:^ f 
ff^ /; J ^4-: o :i i: , ^Pf ^ n -5 { L V Y ?g t/:) i£l 

[0 0 4 5] z.n{zMLXA^%m^.^j\i:, I ^5j;c/;^ri:]I 

fbft^t^ (S i C 1 . 1^5 (a ) #BSo ) (7^Jfj^ll:[&i4 0 
Z^ (^looi^) o L;^c:^^oT. ;'K 1 1 J: o S i 

4 ()i:f^BL;^cS i c 1 2 izit%m'lz^i^h[^^^Mo) 

s i c I //^miz^km-^^:iL^mm'r^yf}'^,t>^^<>rz 

umfjmbX.:^n^ (t^s (b) ^e*^) . 
[0 0 4 6 ] z^iTj^^. tjmixi^. h^idm 1 ^):r.rrc^t 

^Lr^^s^)'rm^f^^fimmmi,zn^LUi^f^ tc^ i*^] -c -y 

#iy/;<1-Jjr^^^ l:^'^":. (^,2^;)Xfio 5 (c) 

4 0 tlf^gLfcS i C i 2 ^Z)X^tI;fcUT>'^7 n 



-^'7,;iJ;-^T/^ft:L.Tr^fLy f-^^- l-.l£Blt ' ^ ^ 

[ 0 0 4 7 ] A^im^^xw-^-'^'y-'^-'i' y^mb'i 

oo X V X ^ i,^{:t:-^orijU:^zJ^ <b PMit tr f m^: ^ X ^ 
[0 0 4 8 ] 

[■fejfef^i] ^i^stmorMtkmiz'ji^-mnr^yjK 

LTiriti^ 7 H ± (I . Snini ( f ^) , I?: ^ 5 
0 0 - I 0 ;inic7)> 'J 1] : ([fij:>;"f'V ( 1 0 

i)) , it^a^fi 1 — 1 0 • c nu p ■ ^' f"^) ^f?]l^ 

[0 0 4 9] ^i^'umMTu. m 1 tc ■i-^rm/ium ^^^z 

J:^Tt-^ J \-^^y -t—n c^' mE C y L.) m^ZJ: 0 ft ^ 
t?^fi^f¥:r'" h 2 4.(1 > ') n::. C^i-^NS^SnimrBlfSiX 

-/3 -!rfm^ -ttr^lJi^W 1 1*^^ 1 > 1 0-:iTo r r 
(^n^Jtizl , 4 ^:^0^>^rL:'1^ 1 F^^](?oriA^^ 9 0 

o-i 1 0 or</)|a[ifj^T:^rl^z^it/-^o :i'T, t-^ 

4 tii-^i^?? 1 \Ho^^i^m'ft ^^(ommy^'^L^^^ji'z^iz 3 -Diz 

[0 0 5 0] :kiZ. 3yj-lh]^S a, o b ^^^n^LTT-tr 
I ^ X ;'K::^- -// X i ^ f^]?^ { : 5 ftPJi^^rL;^ 1 tl^ A. 

?t?ciitti, f-i^o"^- 1 lMtOr-tr-:?^L : /J 7C7j5ilT.7^^3mTo 
r r , ^mfJ-^.i/.^'ifJEf)'^ 1 4 7 niT r r i/j:^c:t -^tC 

h 7^ ■ / 8 (7.) FirriC „1:{ t (^n;^- / -7 V i / vH ^ 9 tCci: 
f /^x^-r 1 0 izi^i'tz^xfiLit^^^ i ^c7)^:/^xc7)^ 

A^f^ihL, y.d'^.l iT>i:VicrrMmizmPLX. ;<t!:z.ti 
n-/-x57-rf^: -/ (r/^F, m. b. Ptm^^T^) i 
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1 ^^z.m^^^y-^'s^mi^T^zio'g^ i i^i^^mui^s- 

[0 0 5 1] '^?^, P^e^lf U*^]t7wiAfg^ 9 0 0 - 1 1 

• 1 CO 

fi- : ' J : a: — / \ S ii t/.) ^' c7j &t g Ifi] 1 1 ^ ii- . 

V P iy > :ti :^ CTj^rrt (^^ A Wcj^, Wfifi; ) 3 m T e. r 

TZ^o ^fz. hZlcMT- 1 \HO'J}± fjU\z z^zz^f-^J 7 

tict (1 ^ijt^r^.. n;i > -> >.-^j x !r i 0 
wzm Kl.tzm. ^^^^y7X^^'\ f /r^'^o 1 o;: 

T. M. B. PI 1 ;BJ;a^fim:^>-/3 ^^utIzLl:TT' 
1 lMo0^^m^3-5ii-ff 
[0 0 5 2 ] • m2 CT-^Xfi 

1 ' 1 O-^To r r ^^^-^m%~^ tlfzl:^^^'^ U^lC. 
3 ■/>ro]^5 a. 5 b^^rfift^LTT-t^U >tf 

xi<^^^^.^f^z5^itBl^A"r^::^^cJ:o. ±n^dm i ^jt. 
nx^i^'} z} >0:iL-/\s±<Dpf^'^(7:)f3tmi!iiizm^'Lrz 
m^dm 1 mit-^^^mTtLtzmz'^irMTciz^ ».) 
4: LVcm 2 CD y-r mit^^^^midTii^ u > ^' o 

1 4 7niTo r r <h Tj: ^ J; tl V 7s 77 n — 3 > h ti — -^^ 
6 a. 6 hiZ^iJ mmt-^o ^fz. f-^ftslf I fM^J/htltct 
tr -7 - y- >* 7 M ci; 0 ^/t' L > h ^ :^ 8 CO F?jfLt : t 

7 y 9 t:.:fc 0 a»JiBi-r^c r-t-f u- 
fj'^^t.&^mi3y.^^r^m\zsm^]f^ic^^ i (i^al/i 

m I ^o-j^ij'7.(D^^x^i^±'r^. zcomn^izi^^, _\- 

§d^. 1 oOX*ic7J1i|SgtC{jiAT. M. B. P I i ;fc<:i:c>^tt 

%:r^>~/3^mi^xBi\t^m I p^coe^ici^ 3 -5mf-5o 

[0 0 5 3 ] a.hlS^^jLAc^l CO XS;Bci: 0^^2 60 X?,^ 
1 2 5 Ot§]*#Oi^Tc:^(Zci:0. f^-i- 'J:n>^; 
a:"/\SXil§^f'^;:?^^5 5 0 nmt^r^fty-r^K^ff^^L 

fz. :z</j^z)izLxmbt^nrzi^ity^ mmco^ji-/\ 
m\^cr^mm'&^i^z'Dl^xm^Lrzmw,^m2 ti.x^T^ ^ 

/ ^ [&] r*^ CO c| 1 X. (7^ 1 : ^f L T 0 . 5 a F T ^ o A- o 



[0 0 5 4 ] ^fz. mM(r.^'.i^'^'Z)^ (^''i^mmo^)m?f^{^ 

^ : 3 d / t ) (i, :^'iSffi{5iJ ft s - 1 0 s e <. ) T;^ 
*^':i:-/\ti]f^T0 . 1 %ar, C'x-^\f!tlT3. 3 ?o^7. 
KT^O, 'k\^^X'h^:^^.^n.t^3 3%VXy tz^\-irAZ{i\, 

^'''^mmtS ^^t'^L^^^liJffi^ K a ( J 1 S B i) 6 0 
1) t:J:OrPjJ^l'L > I k.i;t7. o n K > 'J^ 

=1 > ^ :ii " ' N^^lcifE^ilitl ^ '31 ^ ^ L ^/^fX t ^ 4^ > -Y' JlXti< 

fr^T^^o. ^XJ^-^-v ? 'J > y ' V (eci') fiJi 
ji^m^x-'miM^x^^^ ztfj^^.^i^^tirz. ^/i, 

o>^.^ih^tmmx\p'<>^tyjm^:^rirz. -^lx. s;^ 

[0 0 5 5] 'i^J&{*J2 ;xi:^[3Cft:^i'^'?^C0Jf:; 
MHX LTit^^ 7 6 ± 0 . 5 mm { 3 f : X) . f?: 3 

s 0 ± 1 0 /imc/:):; "j zi ;X7x-- /\ (tfii,>y{»v ( i i 

1 ) . it^gfa I 1 0 Q • c m. v - 5^ f ^ffl C ^/^ 

fio :Z(D^z)iZLXm^'jtirzr^Kity'^mm^ZZ:>l^X'M^ 

Ml tmmmfm^rT'-jfzLz>,. -Mmmi 

<r)&:tiffjif^^y)imc:^tirz. 

[0 0 5 6] nm.m3 (/jji^\\izx^mit'r--imm(Dm 

fzi'K'^it^mm I <t.mmizL xrKittr^ Mm^mbtL 
• i:fi2A 

1 >: 1 0-;^To r r Mm^Xi^^'^it^ tlfzl^it'^ 1 [^iz. 

-r^^ixtCc^o. m 1 ooxf?xf^> u n>x7 3:-/\s x 

^ J pTr ^ i;:) f ( : w J ^ L Xi m 1 ^ ) ^ -r S ( t ^ r ni ^' B 
-^J 7 ( I n ^ 7 c L T 3^. 2 y -r L f r 1^ ^ ^ L ;^ ti- 

X t/J^/i'/hX?^' 1 4 7 m X o r r ^ /X ^ ^ {■! VX yu — ZJ 

z bu—^ 6 hizj^nmrnT^. ^tz, fxit"^ \ [H^di^ 

/J tl ti ^ - y- 7 ;i ct M ^t^J'.^ L . h V -v y 8 CO Xftfi tc 
«^i:tt <b tifz/ \9y -:7 f / sx 9 c ^ o MtflT^o 'K^ 
X ^ 1 . om*m LKic^'r: 1 {i^AL/:if^. E^^i:^' X 
f '^x^x X 1 0 iz^ii-^'z:^xh<.i't^W: 1 ^co/K^tix, 

^izm.^x. M. B PI itixzmQi^^>y3^mi^ 

X t^J^t^^ 1 {^wmu ^3-5 li^f r o 
[0 0 5 7 ] • 2 B 

1 " 1 0-:iXo r r Aim^xm%^nrzf-ll>t^'^ I \H{Z. 
3 fj\ti]^3 a ^^iV-LXr-iz-^i : ;^'X ^ 5#fBl^AT 

^ ' X tz ct n . Ru 2 cTj X -r ^Ht ^^J^ ^ mi le y -t: u 

^/XtlXnr^{LLTr3kft:X-r^';^^fc^t^tt>5o Xt7)X 
^t7»rXXLX ti Xt7)r?ft¥Ktl, /^^Il^'W 1 f^t7:iX-t:X U'X 



(f) 'rf^t:^-^ 3 m T o r r ^ /1i ^ ^ ^ il V 7, n — n 
t;t e -7 - 7 t : i: n rpij-^E: L > h v - z^' s c/n l ',TrL;z „ 

^ 5 ftft:]/:^t[;f? 1 i:^A.L;^f?c, ^^i J^; ^ ^ ^ t 

I nmi^i 1 .i: m^^nfm^n-^ r- 1 z: . ^imi^i i 

i §a ^II^^^jS ii^tl { c ;t t> cf) T .h o . 

[0 0 59] {}jr^\\iz^i:iKit'r -r -j^-mo^n^ 

m^itLriai¥:7 6 - 0 . 5 mm (3f>-:f-) . Jf 3 
8 0 ± I 0 rn^Di U n ^ jl — / n ( 1 1 

1 ) . itmri 1 - 1 0 Q • c m. p - -/) ^mi^Tz 
i'AH { ^'i:- ^^J 3 > fpj^i CO i^^t Tr^ ft: V- r ^ ftv, ^ Jt: L 
fz. Z^^Z'izLX^^^ntzi^it'r i W^m^z-oi. ^X-M^ 

m \ t.rsm^'yufm^rrr>rzt-^. -Mmm i >t3:t^Rji:^ 
[0 0 6 0] %mH^ {-h'ih\\\z^^yK\\z'r i ^-mo 

i oi^mi^^ f'iOi-Hit't^ -Lu : . E^i^<s i c m^ 

^:'i:"/i:{l8 0 Ofsi^OiML f-. S i cat^i: 

{ri-i5^jf:3 5 0 nina^iKit'r i mmfjm-^biitsnrz. 
[0 0 6 1] -coj:-'j[zixi^'^tirzi'Kiit'r rmmiz-zj 

I ^Xam L /i i: 1 ^ . -^mm 1 4 X^^^ ^^jtlfz ^ 

Tzo 

[0 0 6 2 ] 'um^\^ I iz^^ix^it^ ^m^d'm 

il-Jl^T Fhd^n 1 </^J:n:i'^JiZJ^m 2 iD IZm^'ZKiZ 8 0 
OI^'l^OjeiT, S i CS^^ htl(iltl^^3 5 0 nmc7;;fA 



f^'nL^^^ii^l<m^zp^rr.-fz^ i-^it\:Vo : v^^ft: 

[0 0 6 3] Itti^^J 1 

[:<] 2 -i:L /i^ i:. [ruP^i^'?^!'/ V/ij(i^^'X"/N 
mi*rC'K^ : ^itL fzL. :^fz. i'V-i^-J 

mi'^^iWfM^': : 3o 't J — 1 S, 5 

%. ^:/x"-M'!5ir 1 5 7^., k{i-T2-; 3"o-c.^ 

tz. 

[ 0 0 6 I ] iW^M 2 

L /i. ' ^ J J: '-W 1 L T ^-/;^ ^ tl tz ^hK ft ^ f ^ ^ 

m 2 1 :it-vT ^= L {ft I- L Tl ^-^1. 

[0 0 6 o ] '^:^H7 

( 1 ) x^'-' y^'-y: -^o^^A'yu 
^T, mic/j i:^s^.3^iK^,2(/':i:^j!L/'^();ULNir<^^^ 
7^fzyxn\i%i^m\ hV'Amzix. > 'J 3 h 

tz. :k\z. z.ojXU7^m^\A-Az. ft^fLvn^ -^yz. (A 

1 , C>;^ ) ^ 5 3 ^ 'I "^-c. ,3^?^ftSft:^ ( S n )_. ) ^ 4 7 

^r,ftt;-§Qlv:8 uuxa)^\m.yyt\\-b^L tz. .ic^){^if 

6ni'r<;' r r. Z^. f t: 1 . T, rTiT.« r r. 

1 2 0 0Wc^J:*^^^'^"CK F 1) : '/-4-^ J;- xfr 
o;^^. C(/)f^^\ X*^Wii(vgvi L TlV-o s 0 0 nma.)^^' 

ilff^bt^L-T. X^v 7 . 
[ 0 O 6 6] ( 2 ) X^' V X c^'^fjjri 

VM (1) TVf ^ti;^iX*^-':A V -7 : j)X*^p^ii')^§s^ 

U v'X h^^^i3U^^i. J^f^LT. F , ' h / ^ — > ^ff:;^1c L 

tz. :Vi:. f^tL;^^-^. .ux"/-^: v'v^^c^jjrr.it^tfes 

^-^'7. ch L TXfVf^>Hii^'VU^^X- '-F: :*^'^?r-^/"-o Xv 
-^l '^'ikr^ I > ,X h / s V . ^[Tfi^- L T . X ^^Umr^ 

ja^ 1^ ^ ■ f^lc L fz [fij i: ; i ^^ ;c| m c-' J ffil ) ( C x y - F V 
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[0 0 7] h. 'imm'^'T^-'T^'^m]iz'ji^xmm 
I ^ - X r ( i -iT. r L ^j' j ^ { ; ^ ^ ^ . ^ 

^ , 4: tf t/) ^ A ; ^ eJf 3 X CT) ^ A ^) n n t :: fx ic^ 

[0 0 6 8 ] iXit^r -r Mm^fn}^-r^fr?Azm\]r^^>}^j^^ 

(cyjmihLtzt^^<j)) izm7^:^-t\^tjO^.^Titr^<. Si 

[0 0 6 9 ] ^fz. -^^m(7:)f^it^-cMma'jmh^^jmt 
Tf-^" h^Tt—n :b'Acomf±c v d 'Am ^ m i ^x^m l tz 

c;:)Mj;hc VD^^-^MB E (^^^xe^^^^— ) mm. 
^ ^ ffl I ^ T ^ L CO T t) ct 1 ^ o 

[0 0 7 0 ] ^ec. ^1 CDXI§chm2cr;X^i.hti. % 

H^jc-rj;^(i. ^x^ig:^'X^Al=2 1 ch'K^;^'Xa^Afr 
2 2 i:^{ix.;^cm 1 <DSt£;^2 3 ch. ^<^i^;^'X^A 
if 2 4 ^{^;^fc^2<7:)fe-^^^2 5ch^i*:^mS2 6{C.j;n 
U.Z^t.LtAZ. ^ 1 C7)^'t£;^2 3 ;:)^6iS*ga^2 6p^^ii 

2 7 ^istt. s^^s^^^Lfcmt^^^^:^c- h 2 87:?^^^ 

1 (7jSfii;^2 3 i:m2crjJS^£;^2 5 L(JjT^^'<^m.X ^ 

<^o^zLtz'Am.^m^^^. 

[0 0 7 1 ] CICOi^fT. m 1 c^jS^^2 3. ii^g^2 6 



9a, 2 9 h> . 2 9 c ^ '> TSl^i^ L tz^^^ ^X- > "7' 3 0 

a . 3 0 h . 3 0c i:.^ »:) m^t^^xi, f]\zmB m\ I- 
r;^i^^2 3 \-r^r'^-^$?.tf x i: 'f:^:+ix&-^?LO^A 

Kmt. m:r^-^'hK^LtzX7,~7u-Z2y h D- J; 

2 t)^'^(Tjr^m%iim^Lrzm2 jjfA\^'^2 ^ L^ym 

3. m^^^2 6:t6^ZJ^m2(J::'f-l^z^y2 oVX. Z.t}y\.>cr)^ 

m\zm-nz\z~ 3 1 \zxD '^y\'AL\)i)^r^nmxx^s<^ 

[0 0 7 2 ] 

Mm:(7ym^:H<h\z^tnt. niHm\^yr^xzmmi\o'mH 

z 1 1 6 c/;- f.'4 f L y -r m\x ^\'^m^i^'f ' c r x i , ^£ ^f^, f^t m 
. * % m in : ?i; ( : 0 ^ 0t n f t: V < ^ ^ X .3 

}^mLxm.'^rz4^^m<Dx^x y -r-y y o^^xsy.^ 
vx ^^mi ^tzj:o. mmfx^o^m^^y.m.-^7.^ 

^\?^\%'^<:> ZL .hfy^imzU^. 

\m 1 ] 'V^Hxm^tz^^-j ^—)vrj:^(r)m£Q\ 
I :> ^ ^ .j"^ TMB?^ [ <i T-' ^ ^ o 
[[•^12] -mm 1 ^^cto^it^^j 1 x\VfC:,t\tz^m\z'x'^ 

mW:<n''y ^ \ li] F ^^j T ^ /P ft >rb" ^ .J ; r y V :7 T ^ ^ o 
[ E <! 3 ] 4^ ^ H * ^ a ; / 1 1: y -r ^ ^ ct:) J5!c ^ ^ Jfe ^ ^ 

<:>fz^j<J^^X'^^ . 

\'-mmy 2, 2 8---g^^^f!:^- 4. 3 1 

---h-^'. 2 3 --^. 1 (T^lxtr^. 2 S---^2C0 5<:i;^ 
'4^, S--A^«. 



t-SflH ¥07- 118854 



m 1 



[W 2 ] 



5c 



5b 



M.F.C 



MFC 



SiHgCLg iJ:^ 



10 



4 



4 4 4 

r/f/.^ t////v 



MF.C 



5a 




4 4 



!2 

S 



O.M.S. 



8 



M.B.P 



3- RP 



600 

580- 

560 

540 i 

j 

520 - 
500 



\ 

n / 

O O-T O O O ^-tO O 



s / 

\ 1 1_ 



-2 0 2 

Oi/\-IFrttt« (cm) 



[[^14] 




MB p| ^29o |m B.pj ^29b I M B P.K ?9c 



[r'p4 ^3Qq |R.P.} -^Qb |rp.[ --30c 



(a) 



(b) 



\ 

SlCb + H2 

\ 



Hz 



40 



c c c c c 

Si Si Si Si 



HCI 



H2 i:: e S 5c 



a aa aci 

Si Si Si Si 

— 7* — S y "S > ^ N — 

Si Si St Si 



40 
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Siaz 



a a 



CLCCl Si: 

Si Si SI SI 
C C C C C 



c c c c _ 
SI SI SI a 
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(a) 



S1H2CI2 <^^M 
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